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Introduction
　　Since　the　first　successfu1　surgical　resection　of　abdominal　aortic　aneurysm　（AAA）　in　1951　［1］．　There
have　been　major　advances　in　both　operative　techniques　and　post－operative　care．　Conventional　open
surgical　treatment　of　the　disease　continues　to　carry　significant　morbidity　and　mortality　［2］．　To　this　end，
the　concept　of　a　lesser　invasive　technique　has　been　sought　by　many．　Dotter　and　Judkins　first　coined
the　term　of　intraluminal　grafting　in　1964　［3］．　However，　it　has　taken　nearly　a　further　three　decades
before　the　first　endoluminal　treatment　of　AAA　was　successfully　carried　out　and　reported　by　Parodi　and
colleagues　in　1991　［4］．
　　Since　then，　devices　for　endoluminal　graft　repair　have　been　carefully　and　enthusiastically　investigated
by　the　vascular　community．　These　early　devices　were　primarily　dependent　on　a　combination　of　an　exist－
ing　vascular　stent　designed　for　the　treatment　of　occlusive　diseases，　and　a　dacron　or　PTFE　prosthesis
brought　together　by　sutures．　These　devices　could　be　broadly　categorised　into　either　balloon　deployed
［4－6］or　self一一expanding　depending　on　thc　stents　used［7－12］・
　　Our　program　in　endoluminal　grafting　evolved　in　the　early　1990s，　with　institutional　ethics　committee
approval，　for　studies　into　the　concept　of　endoluminal　grafting　and　evaluation　of　associated　procedural
and　device　requirements．　To　this　aim，　we　purposely　designed　a　graft　which　integrated　the　anchoring
wireforms　within　the　prosthetic　graft　material．　We　termed　this　the　Graft　Attachment　Devices　（GADs）．
After　in－vitro　and　animal　testing，　clinical　investigation　of　the　White－Yu　endoluminal　GAD　graft　com－
menced　in　1993　［13］．　This　report　presents　our　4　years　of　experience　using　this　device　from　concept
to　clinical　results．
Method
　　Graft　Design
　　The　White－Yu　GAD　graft　is　a　balloon　expandable　endoluminal　graft　based　on　conventional　uncoated
woven　dacron　prosthesis　with　an　integrated　malleable　wireform　along　the　graft　body．　Stainless　steel
wireforms　were　used　initially　but　were　substituted　by　Elgiloy　wireforms　for　improved　performance．
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Table　1：　Advantages　of　the　trombone　technique
Modularization　of　the　graft　component
Intra－operative　graft　length　adjustments
Procedural　simplification
Recognising　that　an　endoluminal　graft　should　conform　to　the　varied　geometries　one　encounters　in
aneurysmal　and　surrounding　vasculatures，　the　wireforms　were　segmentally　integrated　into　the　graft
body，　permitting　graft　flexibility　without　sacrificing　its　role　in　anchorage　and　sealing．　Further，　the　graft
was　designed　to　maintain　a　constant　length　through　out　the　delivery　and　deployment　process．
ModularitN
　　To　further　adapt　to　the　varied　geometries　and　dimensions　of　the　vasculature　associated　with
aneurysms，　the　graft　system　is　modularized　based　on　the　“Trombone”　technique，　whereby　an　initial
graft　segment　is　overlapped　by　an　identical　but　more　distally　or　proximally　placed　segment　［14］．　The
trombone　technique　had　a　number　of　practical　advantages　（Table　1）．　lt　permits　modularization　of　the
prosthesis　so　that　each　end　of　the　graft　can　be　better　matched　to　the　attachment　vessels．　lt　over　comes
the　difficulties　of　determining　the　appropriate　graft　length　prior　to　surgery　by　permitting　intra－oper－
ative　graft　length　adjustments．　And　it　simplifies　the　procedure　by　permitting　the　operator　to　focus　on
graft　deployment　at　one　end　of　the　graft　at　a　time．
Graft　Versions
　　Through　the　series，　the　White－Yu　GAD　grafts　were　developed　and　made　for　straight　tubular，　aorto－
uni－iliac　and　bifurcated　aortic　grafting．　These　were　all　based　on　the　modular　trombone　principle．　The
aorto－uni－iliac　and　bifurcated　grafts　were　of　2　piece　and　3　piece　design　respectively．　A　contralateral
short　occlusion　graft　is　available　for　use　in　conjunction　with　endoluminal　aorto－uni－iliac　and　conven－
tional　femoro－femoral　cross－over　grafting．　The　grafts　were　available　in　diameters　from　8　to　80　mm　and
customizable　lengths　suitable　for　application　from　the　descending　thoracic　aorta　to　the　iliac　arteries．
DeliverN　Spustem
　　The　delivery　systems　were　initially　constructed　using　a　coMbination　of　24Fr　introducer　sheaths　and
haemostatic　valves．　More　recently，　an　18Fr　introducer　system　has　been　used．　The　grafts　were　compressed
and　mounted　on　their　deployment　balloons　and　into　a　loader　prior　to　their　delivery．　For　bifurcated
grafting，　guidewire－catheter　systems　were　packaged　with　the　graft　prior　to　delivery．
Pa，tients　Cl）’　Technigues
　　Patients　with　aortic　and　iliac　artery　aneurysms　were　evaluated　for　suitability　from　all　risk　categories，
including　patients　who　had　previously　been　rejected　for　conventional　surgical　treatments．　All　potential
patients　received　a　protocol　calibrated　aortogram　and　a　computed　tomography　（CT）　scan　for　sizing
analysis　prior　to　final　selection　in　the　series．　Duplex　studies　were　used　to　supplement　the　imaging　in
the　iliac　and　femoral　arterial　segment　in　selected　cases．　The　primary　imaging　criteria　for　case　selec－
tion　were　the　presence　or　absence　of　adequate　aneurysm　neck　lengths．　Minimum　of　15　mm　neck　lengths
at　each　attachment　zone　were　considered　essential　for　success　later　in　the　series．　However，　early　in　the
series，　this　criteria　was　not　strictly　adopted　as　we　tried　to　examine　the　outer　boundaries　of　this　tech－
nologies．　The　aneurysms　were　located　in　the　descending　thoracic　aorta　（n　＝＝　5），　infra－renal　abdominal
aorta　（n　＝　102）　and　peripheral　arteries　（iliac　and　popliteal）　（n　＝＝　13）．　ln　the　infra－renal　grorp，　the
mean　aortic　aneurysm　diameter　was　55　±　14　mm　（mean　±　SD）．
　　Informed　consent　was　obtained　from　all　patients　prior　to　surgery．　Two－third　of　the　patients　were　con一
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sidered　to　have　moderate　to　high　medical　risks　for　conventional　open　surgical　treatment．　Procedures
were　performed　under　the　appropriate　anaesthesia　based　on　patients’　medical　co－morbidities　and　suit－
ability　（General　anaesthesia，　n　＝　110；　epidural，　n　＝　9；　and　local　anaesthesia，　n　＝　1）．　lntra－operative
heparin　anticoagulation　was　used　in　all　cases．
　　Common　femoral　artery　access　was　used　primarily．　Alternative　access　via　a　retroperitoneally　placed
end－to－side　conduit　graft　was　used　to　access　the　common　iliac　arteries　［15］．　These　were　electively
chosen　in　cases　where　the　distal　access　arteries　were　too　narrow　or　tortuous　through　disease．　The
procedures　were　performed　under　fluoroscopic　guidance　using　mobile　units．　Plain　fluoroscopy　was　the
preferred　imaging　mode　for　these　procedures．　Vascular　reference　points　were　cross　referenced　to　bony
landmarks　and　ruler　markers．
　　Following　sheath　insertion　and　graft　delivery，　the　grafts　were　deployed　through　balloon　inflations，
up　to　2　atm．　Patients’　arterial　pressures　were　medically　controlled　to　a　mean　of　80　mmHg．　ln　all
thoracic　cases，　adenosine　induced　transient　cardiac　sinus　arrest　was　used　at　the　time　of　graft　deploy－
ment　These　measures　were　geared　reduce　the　aortic　flow　rate　to　prevent　graft－balloon　displacement
during　deployment．　Completion　aortograms　were　obtained　in　all　cases　prior　to　completion　of　these
procedure．
　　When　appropriate，　the　patients　were　returned　to　the　ward　followitng　surgery．　Repeat　CT　scans　were
obained　prior　to　hospital　discharge．　Specific　examination　were　made　to　determine　graft　location，
anchorage　and　presence　or　absence　of　endoleaks．　Clinical　follow－ups　assisted　by　specific　imaging
studies　using　CT　scans　were　scheduled　at　6，　12　months　and　annually　following　surgery．
Results
　　Between　July　1993　and　December　1997，　120　endoluminal　grafting　procedures　for　arterial　aneurysms
were　performed　using　the　White－Yu　GAD　endoluminal　graft　on　107　patients．　These　were　patients　with
aortic　or　peripheral　（iliac　and　popliteal）　artery　aneurysms．　The　mean　follow－up　on　this　group　of　patients
was　29　months　（range　1－53）．
　　The　results　of　the　series　as　categorised　by　graft　type　were：　Straight　tude　grafts　（n　＝　39，　10　long－term
success　6990）；　Aorto－uni－iliac　（n　＝　24，　10　long－term　success　9290）；　Bifurcated　（n　＝　26，　10　long－term　suc－
cess　7090）；　Peripheral　iliac　（n　＝　13）　and　popliteal　aneurysm　（n　＝　1）　were　successfu1　in　9290　of　the　cases．
Straight　tube　grafts　were　used　in　5　thoracic　cases　with　10　long－term　success　rate　of　10090．
　　These　results　are　summarised　in　Table　2．　The　difference　between　the　number　of　procedures　and
patients　was　due　to　the　need　to　perform　endoluminal　regrafting　for　endoleaks．
　　In　all　successfully　excluded　cases　（no　endoleak），　there　were　significant　aneurysm　sac　diameter　reduc－
tions　on　continuing　follow－up　beyond　12　months．　Unchanged　or　increasing　sac　diameters　were　highly
Table　2：　White－Yu　GAD　endoluminal　graft　results　summary　（107　patients）
Graft　type N Implant
success lo
Endoleak
20
Other
failures
Longterm
10　success
Straight　aortic
Aorto－iliac　（endoluminal）
　　　　　　　　（retroperitoneal）
Bifurcated
Peripheral　（iliac／popliteal）
Regraft　for　endoleak　（10／20）
Thoracic　Aortic
89
12
12
26
13
13
　5
37
11
12
21
18
13
　5
5
0
0
0
0
2
0
4
0
0
3
0
1
0
1
0
1
0
1
0
0
6990＊
9290
9290
7090＊
92　90
7790
100　90
＊The　lower　primary　success　rates　were　associated　with　initial　device　and　technical　learning　curves．　A
significant　number　were　suitable　for　regrafting．　See　text．
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suggestive　of　the　presence　of　endoleak　［16］．　To　date，　there　were　no　wireform　fractures　in　the　series．
Regrafting　for　endoleahs
　　Redo－endoluminal　grafting　was　attempted　in　13　procedures　for　endoleak，　both　primary　and
secondary，　cases　from　the　above　groups　（n　＝　12），　（1　patient　received　2　redo　procedures）．　Redo
procedures　were　carried　out　using　either　further　grafts　of　the　same　type　or　were　converted　to　an　endo－
luminal　graft　of　aorto－uni－iliac　design．　Endoleaks　were　able　to　be　excluded　in　10　（7790）　of　these　cases．
The　failures　in　this　group　were　attributable　to　initial　poor　patient　selection　eg．　short　or　excessively　wide
aneurysm　neck，　or　technical　failures．
The　learning　cttrve
　　It　is　obvious　to　note　the　lower　long－term　primary　success　rates　in　the　straight　aortic　and　the　bifur－
cated　graft　group．　ln　the　straight　aortic　group，　the　major　mode　of　failure　was　endoleaks．　These　failure
were　attributable　to　poor　case　selection　（neck　shorter　than　15mm，　n　＝＝　4；　excessive　neck　diameter
greater　than　30　mm，　n　＝　1）　and　early　prototype　deficiencies　（graft　too　short　prior　to　the　development
of　the　trombone　technique，　n　＝　1；　undersized　balloon　catheter，　n　＝　1）　early　in　the　series．　ln　the　bifur－
cated　series，　the　primary　failure　mode　was　failed　implantation　at　the　time　of　surgery．　These　were　encoun－
tered　during　early　development　of　the　bifurcated　graft　system　and　its　associated　delivery　mechanisms．
These　failures　occurred　in　the　first　3　cases　and　cases　6　and　12　in　the　bifurcated　series　of　26．　Each　of
these　could　be　directly　linked　with　either　prototype　equipment　failure　or　operator　errors．
　　With　respect　to　conversion　rates，　in　thc丘rst　15　months　of　the　expcrience（n＝47），　conversion　to
open　repair　was　required　in　6　immediate　and　3　late　cases．　ln　the　subsequent　cases　（n　＝　73），　only　3
cases　required　conversion．
Ma］’or　morbidities　and　comPlications
　　Major　complications　and　morbidities　in　this　series　were：　i）　Renal　artery　occlusion　due　to　graft
malplacement　（n　＝＝　1）．　This　required　immediate　surgical　conversion．　ii）　Aneurysm　neck　perforation
（n　＝＝　1）．　iii）　Graft　thrombosis　due　to　heparin　dosage　error　（n　＝　1）．　iv）　Access　vessel　sheath　trauma
necessitating　retroperitoneal　access，　bypass　surgery，　or　conversion　to　open　repair　（n　＝　3）．　v）　Overall，
perioperative　（30　days）　mortality　rate　2．590　（n　＝　3）．
　　In　further　follow－up，　distal　femoral　embolus　was　observed　in　1　patient　with　co－existing　atrial　fibril－
lation．　The　source　of　the　embolus　remained　undefined．　This　was　successfully　managed　surgically．
Conclusion
　　Endoluminal　grafting　is　an　exciting　and　potentially　promising　modality　in　the　treatment　of　aneurys－
mal　diseases．　lt　is　also　a　technology　that　ramain　in　evolution　since　its　first　application．　This　paper
reports　our　current　knowledge　of　this　technology　based　on　our　experiences　with　a　prototype　balloon
expandable　endoluminal　graft　system　（White－Yu　GAD）　over　more　than　4　years　of　clinical　use．　Over　this
period，　we　were　able　to　develop　the　graft　from　a　balloon　expandable，　purpose　designed　endoluminal
graft　concept　to　maturity　and　through　to　its　various　versions．　Through　these　experiences　we　were　also
able　to　demonstrate　the　feasibility　of　this　balloon　expandable　technique．
　　The　initial　aim　of　our　endoluminal　grafting　program　was　to　evaluate　the　concept　of　endoluminal
grafting　and　to　understand　its　associated　device　and　procedural　requirements　for　the　new　procedure．
We　have　learnt　much　since　those　first　procedures　and　the　White－Yu　GAD　endoluminal　graft　has　evolved
with　it　As　with　others，　we　learnt　that　the　critical　issues　ralating　to　patient　selection　was　in　the　imag－
ing　［17］．　We　have　learnt　that　following　the　initial　technical　successes　of　the　procedure．　Endoleak　has
become　the　“Achille’s　Heel”　in　the　march　to　demonstrate　the　long　term　durability　of　the　procedure．
（6）
March，　1998YU，　et　al．：　Four－year　experience　of　a　balloon　expandable　aortic　endoluminal　grafting一　263　一
Figure　1：　White－Yu　GAD　endoluminal　graft．　lllustrating　the　incorporated　Elgiloy　wireforms　for　graft　attachment．
Endoleak　has　been　associated　with　all　current　reports　of　endoluminal　grafting　devices，　including　self－
expanding　devices　［18］．　We　have　categorised　endoleaks　into　two　major　groups，　primary　（10）　and
secondary　（20）　［19］．　Following　carefu1　analysis　of　the　experience，　we　feel　that　nearly　all　primary
endoleaks　are　potentially　avoidable　through　carefu1　and　stringent　patient　selection，　increased　operator
experience　and　device　improvements．　As　opposed　to　secondary　endoleaks，　although　a　number　of　causes
for　secondary　endoleaks　are　known　through　the　series，　there　is　far　less　known　in　its　aetiology　when
compared　with　primary　endoleaks．　The　solution　and　answers　may　reside　in　device　design，　patient　selec－
tion　or　in　the　natural　history　of　vascular　diseases．　And　it　is　the　knowledge　of　this　unknown　which　will
determine　the　future　acceptance　of　this　technology．　lt　is　also　our　experience　that　despite　the　presence
of　endoleaks，　as　long　as　the　patients　were　appropriately　chosen　initially，　salvage　procedures　coule　be
achieved　in　a　large　number　of　patients　through　redo－endgluminal　grafting．
　　It　is　felt　that　we　have　demonstrated　a　feasible　prototype　device　for　the　endoluminal　treatment　of
arterial　aneurysms．　A　commercial　version　of　the　White－Yu　GAD　endoluminal　grafting　system　is　currently
being　further　improved，　miniaturised　and　trialled　internationally　（Baxter　Healthcare　Corporation，
Irvine，　CA，　USA）．　ln　the　meantime，　a　continuing　eye　on　the　current　group　of　patient　will　certainly
lead　to　further　insights　into　the　pathophysiological　responses　of　following　endoluminal　repair　of
aneurysms．
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